Contribution of individual disulfide bonds to the oxidative folding of ribonuclease A.
The eight cysteine residues of ribonuclease A form four disulfide bonds in the native protein. We have analyzed the folding of three double RNase A mutants (C65A/C72A, C58A/C110A, and C26A/C84A, lacking the C65-C72, C58-C110, and C26-C84 disulfide bonds, respectively) and two single mutants (C110A and C26A), in which a single cysteine is replaced with an alanine and the paired cysteine is present in the reduced form. The folding of these mutants was carried out in the presence of oxidized and reduced glutathione, which constitute the main redox agents present within the ER. The use of mass spectrometry in the analysis of the folding processes allowed us (i) to follow the formation of intermediates and thus the pathway of folding of the RNase A mutants, (ii) to quantitate the intermediates that formed, and (iii) to compare the rates of formation of intermediates. By comparison of the folding kinetics of the mutants with that of wild-type RNase A, the contribution of each disulfide bond to the folding process has been evaluated. In particular, we have found that the folding of the C65A/C72A mutant occurs on the same time scale as that of the wild-type protein, thus suggesting that the removal of the C65-C72 disulfide bond has no effect on the kinetics of RNase A folding. Conversely, the C58A/C110A and C26A/C84A mutants fold much more slowly than the wild-type protein. The removal of the C58-C110 and C26-C84 disulfide bonds has a dramatic effect on the kinetics of RNase A folding. Results described in this paper provide specific information about conformational folding events in the regions involving the mutated cysteine residues, thus contributing to a better understanding of the complex mechanism of oxidative folding.